Among the numerous problems that are facing cotton farmers, climate change is one of the most important still out of their control. Adaptation appears to be one of the best alternatives. The objective of this research is to assess the impact of climate change on cotton production in the Savannah region of Togo. The study was conducted with 172 cotton farmers sampled randomly in many stages in order to determine the impact of climate change on cotton production. The impact assessment of climate change on cotton production was carried out using ATE (Average Treatment Effect) and ATET (Average Treatment Effect on the Treated) models introduced by Rubin in 1974. The results show that climate change has a significant negative impact at 1% level on cotton production observed with an average decrease per farmer of 2330 kg, on the yield efficiency with an average decrease of 515 kg/ha and on the income level with an average decrease of US $745 per farmer. Climate change reduces the level of soil fertility, favours pest resistance and leads to an increase in consumption of cotton production inputs per unit of area. The study also reveals a low level of adaptation of cotton farmers to climate change. The expansion of cultivated areas remains the main reaction of cotton farmers to climate's negative effects. Raising producers' awareness on the reality of climate change and adopting adaptation techniques and strategies would greatly improve cotton farmers' adaptive capacity and positively affect cotton production in Savannah region, and Togo in general.
Introduction
In Togo, like in many West African countries, agriculture remains the main driving force for economic and social development. Togolese agriculture is a major issue in terms of economic weight, employment, source of income and food security [1] . While food crops are contributing 68.5% to the formation of the Gross Domestic Agricultural Product (GDAP), annuity products (cotton, coffee and cocoa) contribute 9% to the GDAP [2] .
The cotton sector most remains an engine of growth as well as in rural areas and in the national economy. It is the most structured agricultural sub-sector which guarantees producers an annual income. However, its performance has not always succeeded in eradicating the poverty of farmers who are involved in the sector. The optimization of agricultural production in general and cotton production in particular necessarily requires good productivity and therefore good level of land yield.
Cotton fiber is the fourth export product after clinker, cement and phosphates in Togo. Cotton is thus the first cash crop and represents one of the country's main sources of agricultural income. It contributes 20% to 40% of export revenues depending on the level of production and between 1% and 4.3% of GDP depending on the year. Today, the yield for cotton production at the national level in general and in the Savannah region in particular has not exceeded 900 kg/ha since more than 10 years [3] . Thus the low level of field yields becomes a structural problem that does not allow producers to optimize their production. This situation is detrimental to the sustainability of the cotton sector as it does not allow producers to take maximum advantage of their crop production [3] . Over the past ten years, there has been a permanent disruption of the rainfall regime. Rainfall is irregular and unevenly distributed over time and space. Technical recommendations for sowing dates have become very difficult to observe under these conditions. The dates of crop maintenance, manure, phytosanitary treatments and harvests are disrupted and compromised by rainfall troughs, pockets of drought and/or floods. It is becoming important to analyze the impact of rainfall on cotton production in recent years and make technical suggestions that would allow producers to reduce as much as possible the impact of rainfall on their cotton trees and thus reduce poverty [3] . Several factors influence agricultural performance, but climate change is increasingly recognized as the key factor determining the form, importance and time structure of agricultural productivity [4] . Climatic conditions exacerbated by frequent disruptions such as droughts, floods and storms that have been growing steadily in recent years are signs of the reality of climate change. According to [5] , climate change is one of the most complexes, multifaceted and serious threats facing the world. Many studies on the relationship between agricultural performance and climate effects in recent years at the global, regional and national levels agree that climate change can significantly reduce agricultural productivity worldwide and severely affect rural communities due to their limited adaptive capacities and high dependence on climate-sensitive resources such as water resources and agricultural production systems [4] [6]- [12] . [13] points out that forecasts of higher average temperatures and changes in rainfall patterns will have a negative impact on agricultural production. The effects of climate change on cotton production are manifested in increased temperature, irregular rainfall, soil degradation and, in turn, lower production, productivity and quality degradation of cotton [14] . Cotton requires at least 600 to 800 mm of water for the duration of its growing cycle, and its needs are higher between the beginning of flowering and the opening of the capsules. As soon as the capsules mature, the dry period should be as perfect as possible to preserve quality. A situation that is not obvious with the phenomenon of climate change. And this has an impact on cotton production [14] . Togo, like the rest of the world, is experiencing changes in its rainfall and temperature patterns due to global climate change [8] . Climate change then appears as one of the challenges to cotton production in Togo since cotton production is climate-dependent. Therefore, the development of appropriate strategies that can mitigate the effects of the interaction between cotton production and climate change for a long-term cotton policy should include a study of the impact of climate change on cotton production and the vulnerability of cotton farmers. It is in this perspective that the present research aims to assess the impact of climate change on cotton production and productivity in the Savannah region in order to suggest adaptive solutions to improve the performance of the cotton sector in Togo. The choice to carry out this research in the Savannah region is explained by the low levels of agricultural production and productivity in general and cotton production in particular observed in recent years in this area and its vulnerability to the adverse effects of climate change. The objective of this investigation is to assess the impact of climate change on cotton production in the Savannah region. Specifically, this study aims to evaluate the impact of climate disruptions such as irregularity and the variability in the rainfall distribution on cotton production in the Savannah region, assess the adaptation measures used by vulnerable cotton farmers to cope with the adverse effects of climate change on their crops and finally contribute to knowledge in the field of agricultural economics.
Materials and Methods

Study Area
The study was carried out among cotton producers of the Savannah region in 2011/2012 and 2015/2016 cotton production seasons. Located in the far north of 
Data Sources
Meteorological Data
Monthly temperature and rainfall data from 1980 to 2015, collected from the Meteorological Station of the Savannah region were used to run analyses.
Primary Data Collection
The primary data were collected by using a survey sheet consisting of a questionnaire administered to the sampled cotton producers.
Stratified Sampling
The study focused exclusively on cotton producers in the region. The sample size selected for this research is based on the following sample calculation formula, with 95% confidence and a maximum variability of 50%:
Source: [15] where:
N is the size of the target population (all cotton farmers in the Savannah region), n is the sample size, e is the precision level.
Given the similarity or high degree of homogeneity of the cotton farmers in the region according to their common characteristics, the precision level used to calculate the sample is ±8%.
Calculation of the Sample Size
The level of precision used is ±8%, and the size of the total population is equal to 52,239 cotton farmers. The calculation formula gives the following sample size (n): n = 52,239/(1 + 52,239 × (0.08 × 0.08)) = 52,239/335 = 156 cotton farmers.
Adding 10% absorbing losses from field surveys, the sample size (n) is equal to 172 cotton farmers.
Sample Size per Stratum
The Savannah region is constituted by 35 cotton production zones located in seven prefectures. Knowing the total number of cotton farmers in the region and by cotton production zone, we assigned a weight to each stratum (production zone). Thus the sample size of each stratum, i.e. cotton production zone, is obtained by multiplying the size of the general sample by the weight of each stratum. Table 1 illustrates the complete sampling plan of the study. A total of one hundred and seventy-two (172) cotton farmers spread over all cotton production zones in the region were interviewed. Following the results of the meteorological data analyses of the last 36 years and specifically those of 2011 and 2015, the primary data collection concerned two cotton production seasons (2011/2012 and 2015/2016). The 2011/2012 cotton production season was considered as the reference season, i.e. during this production season, the climatic conditions were favourable to cotton farms and the 2015/2016 cotton production season as the one during which cotton farms were strongly affected by climate change (target cotton season).
Analysis Method
Theory of Change
As agriculture in general and cotton production in particular is rainfed in Togo, climate change, an exogenous and random phenomenon resulting in poor rainfall distribution over time and space and over which cotton farmers have no control, will necessarily have a considerable impact on cotton production. It is on the basis of this theory of change that the hypotheses of this study are formulated and which, a priori, seem to answer the central research questions. However, they will be confirmed or denied based on the results of our empirical analyses.
1) Analysis of Rainfall Trends in the Savannah Region
The analysis of rainfall parameters has made it possible to examine possible changes over the past thirty-six (36) years. Figure 1 and Figure 2 give us an 
2) Analysis of Thermometric Trends
Apart from rainfall, temperature is a climatic parameter that affects the living environment of both cotton producers and their farms. The evolution of temperature over the last thirty-six (36) years is presented in Figure 3 . The analysis in Figure 1 shows an irregularity and poor distribution of annual rainfall heights with a downward trend. Figure 2 shows a variation in annual relative humidity with a downward trend.
The annual thermometric trend presented in Figure 3 shows that there has been an annual increase in temperatures since 1987. Since 2012, the region has been recording an increasing annual thermometric trend. The analysis of these three figures (Figure 1 , Figure 2 and cotton production season as a reference season where cotton production has not been significantly impacted by "climate change" and the 2015/2016 cotton production season, the inverse and then conduct an impact analysis based on econometric tools. It is also essential to clarify that according to [16] , the term "climate change" refers to changes in the climate status in terms of changes in the mean and/or variability of its parameters (temperature, precipitation, etc.) over a relatively long period, generally over several decades or more, due to natural causes and/or human activity. But in the rest of this research, more attention has been devoted to the precipitation factor (irregularity and poor rainfall distribution) since, among all climate parameters, rainfall is the most important factor that allows farmers to set up their crops given Togo's high dependence on rainfed agriculture [17] .
Theoretical Framework Formulation
The rather general canonical model of evaluation, introduced by [18] , is adapted to the situation in which treatment may or may not be given to an individual.
The term treatment refers to the initial work that made it possible to develop this conceptual framework, work that concerned the evaluation of the effectiveness of treatments in the medical field. Although it is not the most appropriate, it is used in econometrics qualifying a public intervention, tax reform, subsidy policy, training program, agro climatic events or social assistance program that is being evaluated. Formally, for each individual in a sample size N, the following set of random variables will be observed. 
The observed outcome variable can therefore be deduced from the potential variables and the treatment variable by the relationship:
Only the torque ( ) , Y T is observed for each cotton farmer.
Parameters of Interest
The treatment effect is defined for each cotton farm by the difference: 
And the average treatment effect in the population of farms impacted in 2015:
The difference between these two parameters constitute the selection bias noted β . If β equal to zero, that means there is no selection bias, thus:
The necessary and sufficient condition for having this equilibrium between ATE and ATET is defined as follow:
and
The Equation (6) can be rewritten as follow:
where β is the selection bias The Equation (6) finally becomes:
Conceptual Framework
The formulation of this conceptual framework leads to the following three ques- 
Since one of the potential output level results (with or without treatment) is still missing for the same individual (non-factual elements), it is not possible to calculate the treatment effect (climate change impact) 1 0 Y Y − for that individual.
Model Specification
The treatment effect 1 0 Y Y − is unobservable for each cotton producer. Thus, with reference to the model introduced by Rubin in 1974 developed above, the following average treatment effect(ATE) and average treatment effect on the treated (ATET) will be estimated:
Choice of Control Variables
The choice of control variables for estimation requires careful analysis because some variables impacted by climate change may violate the assumption of conditional independence. In summary, for each targeted result, the control variables must eliminate or minimize selection bias. However, to ensure that the conditional independence assumption that these variables must satisfy is not vi- 
Pearson Correlation Test
The Pearson correlation test verifies the relationship between control variables and treatment variable in order to determine the appropriate control variables for estimating the ATE model.
Significance Test between the Treatment Variable and the Outcome Variables 1) Pearson Chi-Square Significance Test (χ 2 )
The Chi-square test is a statistical test testing the adequacy of a data set to a family of probability laws or to test the independence between two random variables. The general principle consists in analyzing the gap between the theoretical distribution assumed and the empirical distribution obtained. In the results, what one must look at first and foremost is the P-value. It is the probability that the outcome variables considered are not significantly related to the treatment variable here climate change. So the smaller the P-value, the more indisputable it is that the variables are linked. By convention, the 5% threshold is often set.
Thus, if the P-value is less than 0.05, it can be said with not too much chance of being wrong that the variables are linked. This test compares the averages of two groups. The Student test is carried out in particular when the research involves two independent groups/samples and a quantitative dependent variable or if the participants in the studies have been measured twice (a repeated-measurement group) and the dependent variable is quantitative. The Student test therefore makes it possible to compare the means of these two groups (or measures) in order to infer a relationship between endogenous and exogenous variables. Like all statistical tests, the t-test makes it possible to reject or not the null hypothesis, and thus to make a statistical decision.
2) Student Significance Test
Estimation Methods
For the econometric analysis, the impact assessment method (teffects ra), an approach based on the calculation of the Average Treatment Effect (ATE) as a parameter to be estimated, was used for estimation. These estimates are made by the statistical software STATA 15. The ATE parameter measures the average "treatment" effect on a randomly selected cotton farm over the two cotton production seasons 2011/2012 and 2015/2016. In this impact assessment context, "treatment" refers to the impact of climate change (distribution of rainfall over a given cotton growing period). Another parameter that will receive a lot of attention in this study is the average treatment effect on the treated (ATET). As its name suggests, ATET measures the average treatment effect on cotton farms impacted during the 2015/2016 cotton production season.
Results and Discussions
Econometric Analysis of the Impact of Climate Change on
Cotton Production in the Savannah Region
Socio-Economic Characteristics of the Cotton Producers Surveyed
It is important to remember that analytical data are collected over two periods (2011/2012 and 2015/2016 cotton production seasons) but from the same sample of cotton producers surveyed. Thus, empirical evaluation tests concluded that, from 2011/2012 cotton production season to 2015/2016, cotton farmers surveyed have retained the same socio-economic characteristics.
Control Variables
After the analysis of the fact that some variables may be impacted by climate change and thus violate the assumption of conditional independence, the choice of the control variables presented in Table 2 was made for estimation.
Pearson Correlation Test Results and Interpretations
At the end of the statistical analysis, the variables not correlated by climate change at the 5% threshold are: the respondent's sex, the respondent's age, the respondent's education, the respondent's marital status and the respondent's religion. These variables were used as control variables in the ATE model because they are not influenced by climate change.
Results of Pearson's Chi-Square (χ 2 ) and Student's Significance Tests between Treatment Variable and the Outcome Variables
At the end of the statistical analysis, it appears there is a significant difference at the 1% threshold between the means of the quantitative variables of the two cotton production seasons (2011/2012 and 2015/2016) and a strong statistically significant relationship at the 1% threshold between the treatment variable (impact or not of climate change) and the outcome variables. The outcome variables (endogenous variables) are therefore explained by the treatment variable (exogenous variable). The results in Table 3 are obtained after performing the Chi-square (χ 2 ) and Student significance tests between the treatment variable and the outcome variables. 
Discussions: Results of Econometric Estimates
The econometric estimates of the parameters ATE (Average Treatment Effect) and ATET (Average Treatment Effects on the Treated) based on STATA 15 software produced the results presented in Table 4 . Thus the selection bias: 
ATE: Impact
In other words,
This means that if climatic conditions were favourable for cotton production during the two observed cotton production seasons (2011/2012 and 2015/2016), all other things being equal, the average level of production would be the same [18] [20] [21] .
Impact of Climate Change on Land Sown Area
The results of the econometric analyses show that climate change has a negative impact on sown area and this impact is significant at the 1% threshold. In the production is the only crop that allows them to have a significant annual income.
Impact of Climate Change on Pest Resistance
The results of the econometric analyses show that climate change has a positive impact on pest resistance. This impact is significant at the 1% threshold. In the Savannah region, climate change manifested by large pockets of drought favours pest resistance at 57.9% on all observed cotton farms (2011/2012 and 2015/2016) and 58.4% on farms affected in 2015. This resistance of the caterpillars is explained by the fact that, in recent years, in order to preserve the health of producers, the insecticides made available by the cotton sector to cotton producers have only killed caterpillar lava and not mature caterpillars. Thus, for the treatment to be effective, producers must respect the doses and treatment periods depending on the product while following the evolution of the cotton plant. Generally, it is advisable for cotton farmers to start phytosanitary treatments between the 30 th and 35 th day after sowing and to carry them out at a rate of 14 days according to a pre-established schedule and respecting the recommended products. It should also be remembered that a phytosanitary treatment needs a little moisture to be effective, but with the large pockets of drought recorded in recent years in the Savannah region, phytosanitary treatments are becoming almost ineffective, caterpillar lava is taking advantage of this to grow and become mature caterpillars and under these conditions, pest control is becoming very difficult.
Impact of Climate Change on Soil Fertility Level
The results of the econometric analyses show that climate change has a negative impact on soil fertility levels and this impact is significant at the 1% threshold.
Econometric results reveal that in the Savannah region, climate change reduces soil fertility levels by 16.9% on all observed cotton farms (2011/2012 and 2015/2016) and by 17% on cotton farms impacted in 2015. This reduction in soil fertility is explained on the one hand by the fact that climate change manifested by drought and floods leads to soil degradation. On the other hand, the low level of soil fertility can also be explained by the fact that farmers do not practice soil fertility improvement techniques such as the use of organic manures of animal and plant origin, composting, the cultivation of fertilizing plants, integrated soil fertility management, etc. Also, due to demographic pressure, the land is no longer left fallow for long as before, which exacerbates the decline in soil fertility.
Impact of Climate Change on Cotton Inputs Consumption
The results of the econometric analyses show that climate change has a positive impact on input consumption and this impact is significant at the 1% threshold.
In the Savannah region, climate change leads to an over-consumption of inputs of 94.21% in all the two cotton production seasons observed (2011/2012 and 2015/2016) and 94.24% during the 2015/2016 cotton production season. This over-consumption of inputs is explained on the one hand by the fact that pockets of drought and the absence of moisture make manuring and phytosanitary treatment operations ineffective. Thus, to hope for a good result at the end of the cotton production season, cotton farmer is obliged to multiply manure and especially phytosanitary treatment operations to make pest control effective, which increases his consumption of inputs. The over-consumption of cotton inputs can also be explained by the fact that a cotton farmer who does not benefit from food production input credits diverts inputs intended for cotton production to other crop production or even sometimes sells these cotton inputs on a "black" market.
Impact of Climate Change on Production
The results of the econometric analyses show that climate change has a negative impact on production and this impact is significant at the 1% threshold. In the 
Impact of Climate Change on Yield Efficiency
The results of the econometric analyses show that climate change has a negative impact on yield and this impact is significant at the 1% threshold. In the Savan- 
Conclusions and Recommendations
Conclusions
This research explored the impact of climate change on cotton production in the Climate change has a significant negative impact at the 1% threshold on production and physical productivity (yield) due to low seeding rates, hydric stress of plants due to lack of moisture, resistance of caterpillars and declining soil fertility levels. Climate change has a significant negative impact at the 1% threshold on income level. As the capacity of cotton producers in the Savannah region to adapt to climate adverse effects is very low, the consequences of climate change on their daily lives mainly concern the overconsumption of input credits, leading to an increase in production costs, a decrease in cotton crop yields and, consequently, a decrease in their net income after cotton marketing and, in the worst case, debt.
Thus, climate is a potential threat to cotton production in Savannah region and will therefore increase poverty and reduce the well-being of cotton farmers in rural areas. Producers will see their existence affected, in the absence of appropriate interventions by public authorities and all other actors in the cotton sector. As the adaptation strategies of the cotton farmers surveyed are very weak, it is therefore essential that efforts be made to adapt to and/or mitigate the ef- which producers are exposed.
Recommendations
In view of the above, the following recommendations are made:
With Regard to Public Authorities
The Government and Non-Governmental Organizations should seek funding for the implementation of effective climate change adaptation strategies; the establishment of an agro-meteorological warning system to provide producers with information on rainy season prediction; the promotion of agricultural credit to facilitate the timely financing of producers' production; the promotion of activities to diversify sustainable sources of income such as improved traditional breeding and agricultural food processing; the strengthening of agricultural mechanization policy through the National Programme for Agricultural Investment and Food Security.
With Regard to Extension and Support Services
The expansion of sown areas must be accompanied by the availability of short-cycle, high-yield, drought-resistant varieties and highly effective treatment products for cotton farmers; raising producers' awareness of the reality of climate change; training and information sessions must be organized for farmers to protect their environment and better adapt to climate change; prioritize climate change issues in their action agenda; the study from a participatory approach perspective, the possibilities of popularizing agroforestry systems in order to enable producers to limit the decrease in their income due to the drop in crop yields induced by climate change; supporting producers in reforestation operations to protect the soil against erosion; easy access to credit, especially financial credit must be granted to farmers.
For Farmers
The development of a sincere collaboration with extension and supervision services in order to take advantage of the exogenous knowledge promoted by these structures; sharing adaptation experiences among producers.
At the Research Location
The development, with a view to a participatory approach that integrates the socio-economic conditions of producers, of short-cycle varieties adapted to current climatic conditions; the development of research on water management techniques to reduce the heavy dependence of agriculture in general and cotton production in particular on rainfall; the development of research for the production of bio fertilizers, bio-insecticides and varieties that can better withstand rainfall breaks during the rainy season to improve crop yields.
This study is a first step in assessing the impact of climate change on cotton production in the Savannah region of Togo. Even if the nature of the data used
